The effect of ethyl silicate on the strength of adhesion between modified polymer and steel was studied for binary and ternary acetate and acrylate copolymers of ethylene.
INTRODuCTION
The need to improve the quality of polymeric materials based on ethylene copolymers is due to the expansion of their use and the growing level of technical requirements. At the present time, they are widely used in all sectors of industry for the production of a huge range of articles of technical and everyday designation, as structural materials, as protective coatings, and in the cable and tube industries. Earlier [1] [2] [3] [4] we studied the changes in the chemical structure of copolymers of ethylene with comonomers of ester nature in the process of silanol modification, and the influence of organosilicon compounds on the structural and mechanical, service, and processing characteristics of modified copolymers. The aim of the present work was to study the adhesion characteristics of binary and ternary copolymers of ethylene, modified with ethyl silicate. The modifier employed was ethyl silicate ETS-32 (TU 6-02-895-78) with a silicon content in terms of silicon dioxide of 30-34% and a tetraethoxysilane content of 50-65%, with a density 1.062 kg/m 3 , and with a viscosity of 1.6 cP (Khimprom Production Association, Novocheboksarsk).
MATERIALS AND METHODS
Reaction mixing of the copolymers with ethyl silicate was conducted on a laboratory mill at a roll speed of 12.5 m/min and a friction of 1:1.2 for 10 min in the range 100-120°C. The modifier content was varied in the range 0-10 wt%. Specimens for investigations were prepared by direct pressing in a restricting frame. The pressing regime was as follows: temperature 160°C, unit pressure 15 MPa, time of preliminary holding, holding under pressure, and cooling -1 min per 1 mm thickness of the specimen. After pressing, all composites were held at room temperature for 24 h. The formation of a three-layer joint of steel St3, modified copolymer, and polyethylene was carried out by pressing under the weight of a plate at 200°C for 20 min. The strength of the adhesive joint of the obtained specimens to steel St3 was assessed by separation of the coating from the substrate measuring 20 x 100 mm at an angle of 180° with a ply separation rate of 100 mm/min on an R-0.5 tensile testing machine 24 h after the forming of the adhesive joint in accordance with GOST 411-77. 
RESuLTS AND DISCuSSION
As copolymers of ethylene with comonomers of ester nature are used fairly widely as glues, adhesives, and primers, the adhesion capacity of the given copolymers is an important service characteristic. Earlier, an investigation was made of the effect of ethyl silicate on the adhesion to steel St3 of a number of home-produced ethylene-vinyl acetate copolymers [5] , and therefore it was of interest to assess the effect of this modifier on the adhesion capacity of copolymers of ethylene with vinyl acetate that had functional groups of a different nature in their composition, and also binary and ternary copolymers of ethylene with butyl acrylate.
It was established that, when 3-5 wt% ethyl silicate is introduced, there is an increase in the adhesion strength both for vinyl acetate and for vinyl acrylate copolymers. Thus, for CEVA19 the strength of adhesion increases by 30%, for CEVA27 by 15-20% (Figure 1) , for CEVAMA13 by 25-30%, and for CEVAMA26 by 10-15% (Figure 2) . The failure of the PE-CEVA-steel system is adhesive in nature and occurs at the adhesive-steel boundary, as, in the case of adhesion to steel, the adhesion component of strength is inadequate for forming a relatively strong adhesive joint. Separation of the investigated adhesive from PE was not observed, which is due to the similar composition of the polymer units (both in PE and in CEVA there are ethylene groups), which ensures its high adhesion to PE.
For ternary copolymers, failure of the adhesive-metal system is cohesive, and separation of the adhesive coating itself occurs, as the strength of the adhesive joint between polymer and steel is higher than the strength of the adhesive. Here, the adhesion strength of both modified and unmodified ternary copolymers is considerably higher than that of binary copolymers on account of the presence in the CEVAMA of maleic anhydride.
An increase in the adhesion strength of modified acrylate copolymers is observed when a smaller (by comparison with acetate copolymers) amount of ethyl silicate is introduced (up to 3%). As for CEBA (Figure 3) , this increase amounts to 15%, and for ternary copolymers (1) and CEVAMA26 (2) in relation to steel CEBAMA6 and CEBAMA6.5 to 30 and 15% respectively ( Figure 4) . Here, a difference is observed between acrylate and acetate copolymers in the nature of failure of the PE-adhesive-metal system. Thus, for CEBA it is cohesive on account of the low strength of the adhesive itself, and for ternary copolymers it is adhesive and occurs at the adhesive-steel boundary. This is probably connected with the lower content of functional adhesionactive groups in the investigated acrylate copolymers by comparison with acetate copolymers, and consequently with the lower polarity of the material, which does not ensure a sufficiently high adhesion component of strength.
The interaction of the functional groups of adhesive and substrate has been examined in many studies, but the optimum content of active groups in the adhesive is often selected empirically, as in most cases there is no proportionality between adhesion strength and the content of functional groups in the adhesive. According to Basin [6] , this dependence is often extremal in nature, or, with increase in the content of functional groups, the adhesion strength, having reached a certain limit, ceases to increase. The results obtained are entirely consistent with this.
